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1.0 INTRODUCTION

The approved Remedial Design Work Plan (RDWP) work plan specifies that Value
Enginsering (VE) will be performed on various aspects of the remedial action for the
purpose of attaining both greater efficiency and cost savings. When VE is performed
that rasults in & design change affecting the environmental désign critarih,
documentation will be submitted summarizing the VE recommendation. This
documentation will describe the possible alternatives, the potential savings and any
implementation problems which might occur. '

1.1 VE APPROACH

The approach taken during this VE evaluation is to analyze those ‘portions of the
remedy at the site that appear to show potential for significant cost reduction or value
added by the implementation of engineering and scientific rationale and controls.
Value Engineering is defined as a process executed during design and construction that
applies engineering and scientific rationale to specific aspects of design or construction
for the purpose of enhancing the value of a given component or reducing its cost. |

1.2 VE INTENT

For the remediation of hazardous waste sites, this process is primarily intended to
reduce the overall project cost. This is particularly important in situations whare there
is potential for & high cost remedial activity that yields little or no benefit to the
environment or human health. This document provides background and identification
of promising items in the RA that may merit VE. Based on discussions with the
agencies, some of these itams may be selacted for datailed VE study. |
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2.0 SITE DESCRIPTION
2.1 SITE DESCRIPTION AND HISTORY

The Virginia Wood Preserving Site is focated on 10 acres to the north-northwest of
Richmond, Virginia, in Henrico County (Figurs 1-1 of General Description). It is
situated near 1-95, 2.4 miles west of the Parham Road exit at the intersection of
Oakview Avenue and Peyton Street (Figure 1-2 of General Description).

VPI owns 4,98 acres and, until October 1991, leased 5 acres from the Richmond Land
Corporation, an affiliate of the Richmond, Fredericksburg, and Potomac Railroad
Corporation (RF&P). Richmond Land Corporation owns the land adjacent to the site
on the northern, eastern, and southern sides. CSX owns the railroad line on the
waestern side of Oakview Avenue. Virginia Wood Preserving is currently in the process
of acquiting much of this land from RF&P with the land transfar to occur in the spring
of 1994,

Prior to 1974, the facility was owned and operated by Virginia Wood Preserving
Corporation, which was owned by TaCoCorporation and Taylor-Colquitt Company.
TaCo purchased Taylor-Colquitt’s interest in 1963. Later, Taylor-Colquitt was
succeaded by Southern Wood Piedmont Company, a subsidiary of ITT Grinnell. In
1974, Rentokil, In¢., purchased TaCo's stock. Both TaCo and Virginia Wood
Presarving Corporation were subsequently merged into Rentokil. Rentokil later
changad its nama to Rentokil SupaTimber, Inc., and, in Septembar 1989, changed its
name to VP!

Construction of the Virginia Wood Pre'sarving plant began in 1958, and modifications
to the plant have continued to the present. The first treatment cylinder was installed
in 1958; wood treating cperations began shortly thereafter and continued without
interruption until January 1390, when all operations ceased.

The sole business at tha facility has been treating wood with preservatives; howsver,
the meathods and chemicals used have changed over the years, Chemicals and
compounds usad on the sits included mineral spirits, No. 2 fuel oil, chromium zinc

" HAWRVAVA-WOOD\WALUE.CNG -2-
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srsenate (CZA), copper chromated arsenate (CCA), _,‘firo ratqrdant, creosote,
pentachlorophenol (PCP), and xylene. The fire retardant is believed to have been a
water-based solution of ammonium phosphate or ammonium sulfate. It may also have
contained ammonium thiocyanate as & corrosion-inhibiting additive. Of the compounds
in the fire retardant solution, only the ammonium thiocyanate was believed to have had
any potential environmental significance..

in 1964, the plant added air drying of decking, crecsoting of marine piling, and
fire-retardant treating to its existing processes. Treatment with CZA was replaced by
treatment with CCA in 1964; treatment with PCP ended in 1980; and creosote
treatment ended in 1883. Treatmeant operations ceased altogether in January 1990.

Over the years, many of the facilities installed on the site were taken out of sarvice or
removed (Figure 1-3 of the General Daescription). Many of the facilities were in use
until January 1890, including the aboveground storage tanks (ASTs), treatment room,
treatment cylinders, concrete drip pad, concrete holding pond, shop, office, and
assorted sheds. After VPi discontinued treatment operations in Jénuary 1990, &
polyvinyl chloride (PVC) cover was installed over the drip pad to prevent stormwater
from falling on the surface. Also, VPI constructed a roof over the concrete holding
pond. In the sprinﬁ of 1991, VPI arranged for the removal of all wood treatment
equipment from the site. All eight ASTs .and the three treatment cylinders were
dismantied and disposed of off-site by a regulated hazardous waste contractor. A
layer of clean compacted clay was placed over the area where the cylinders were
located, to prevent infiltration and surface water transport of site-related constituents.
Also, a roof was built over the former tank farm area.

Wastes from the sarly wood treatment operations were reportedly discharged to the
blowdown sump north of the treatment cylinders. In 1963, at the request of the
Virginia Department of Environmental Quality (DEQ) Water Division, the previous .
owners of the site replaced the blowdown sump with the present concrete holding
pond and constructed a covered, unlined holding lagoon. The concrete holding pond
- was linked to the covered holding lagoon by an underground drain pipe (Figure 1-3 of
the General Description). Thesa two waste management features were cperated under
a Virginia NPDES discharge permit. The Virginia DEQ’s request for the installation of |
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these features apparently occurred because of reported fish kills in Talley’s Pond
(Figure 1-4 of the General Description) on January 2, 1962, and on two previous
occaslons. The Virginia DEQ balieved that a "chiorinated crasol® was involvad, and
raportedly traced this substancs upstream of North Run Creek to the plant.

In 1974, with the construction of a new water treatment/preservative recovery
system, the discharge of process wastewater ceased bacause the wastewater was
continuously recycled. The underground drain pipe that connected the covered holding
lagoon to tha concrete holding pond was closed and apparently abandoned in place.
However, details of testing, sampling, or the method of abandonment are unknown.
Based on these changes, the Virginia DEQ issued a no-discharge cartificate.

in 1976 or 1977, a batch of CCA pracipitated in a process tank and was rendered
unusable. The precipitation was raportedly caused by reduction of the chromium from
the hexavalent stats to the trivalent state. This batch of approximately 1,100 to
1,400 pounds of CCA was disposed of at the site by placing it in a pit (with alternating
8-inch layers of lime} located along the northern fence line in the northeastern quadrant
of the Site.

in 1987, the entire contents (all water and visibly contaminated soil) of-the coverad
holding lagoon weare removed and transported to off-site treatment/disposal facilities.
Clean closure was not attempted, and no soil or water samples wera collected.
Because the cover was not replaced, an opén excavation containing a combination of
rainwater and groundwater remains at the site of the fbrmer holding lagoon.

Throughout the operational history of the site, treated wood was stored in nearly ail
open areas on-site. The nearly 10-acre site is relatively level because it was backfilled
and regraded to provids a working surface for the wood preserving operations. Major
structures currently on-site are depiétad on Figurs 1-4 of the General Description and
include an ofﬁcl..a garage {(shop), the concrets drip pad (coversd), the concrete
holding pond {now covered), an unlined lagoon, and an open-sided storage shed. An
infrequently used railroad spur, which terminates at the northeastern property line,
bisacts the site.
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3.0 VALUE ENGINEERING ANALYSIS

Three aspects of the selected remedy for the site have been sslected for analysis as
to thelr potential for value engineering. These aspects include:

s groundwater extraction;
e  water treatment and disposal; and
. scils treatment

A brief discussion of the ramedy aspact will be followed by Enginearing Analysis and
discussion.

3.1 GROUNDWATER EXTRACTION
3.1.1 Remedy

The site consists of two well defined aquifer units that are separated by a clay hardpan
layer. The upper, or perched, aquifer extends from approximately four to seven fast
below ground surface and is impacted directly by the defined site hot-spots {creosote,
PCP, CCA contaminated areas). The lower or saprolitic aquifer extends from the
hardpan to approximately 25 feet below ground surface and is impacted by
contaminant transport through the hardpan.

The groundwater extraction system specified in the Racord of Decision (ROD) includes
the installation of vertical caissons at strategic points on-site with perforated laterals
extending from the ceaissons on top of the bedrock layer and the hardpan layer. The
intent is that these laterals will extract contaminated groundwater and Dense
Non-Aguaous Phase Liquids (DNAPLS) to be delivered to an on-site treatment plant.
it is believed that by dxtractlng this liquid in combination with the installation of a
RCRA cap and slurry wall around the perimater of the site, that an inward groundwater
gradient will result, preventing contaminant migration outside the sfurry wall (i.e,,
outside the site). |
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3.1.2 Analysis

An analysis of this proposed system indicates potential for economies to be attained
through engineering modifications to the caisson system. Site conditions both at the
present time and after completion of the cap and slurry wall indicate that there is
congsiderable latitude in the ultimate design of the groundwater extraction system
rasulting in the same inward groundwater gradient.

Site groundwater monitoring indicates that both the perched and saprolitic aquifers are
extremaely low yvislding, thus making the utility of extraction walls limited. Extraction
wells would have the advantage of assuring that groundwatar extraction is being
performed at the surface of the hardpan and bedrock layers; however, the number of
wells needead to provids appropriate coverage of these aquifers is sxcessive.

Basad on resuits of a recent modeling of the site groundwater, based on tha inclusion
of the cap and slurry wall in the system {see section 3.3), it appears that groundwater
in the perched aquifer will flow towards the north boundary of the slurry wall thus
providing an exceilent condition for the interceptor trench system for extraction of the
perched groundwater. For the perched systam, this may prove to be an economical
and technically pragmatic alternative to installation of shallow laterals for groundwater
extraction.

Regarding the deep (saprolitic) aquifer, it appears that the most practical extraction
option remains the caissons and laterals. Whila extraction welis would most likely be
more economical, wells would result in multiple breaching of the hardpan layer and
would not provide the coverage of the aquifsr that the laterals would afford.

HAWPWAVA- WOOIAVALUE EN -g-
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3.2 WATER TREATMENT AND DISPOSAL
3.2.1 Remedy.

The remedy in the Record of Decision for water treatment and disposal indicated the
treatment of contaminated groundwater in an on-site treatment plant using activated
carbon to treat organic constituents.

3.2.2 Analysis

The Record of Decision is particularly non-specific regarding pre-treatment of
groundwater or the effects that required stormwater collection and treatment will have
on the water landing and treatment systems. Also not considered was that the
production of cqntaminated sludge and activated carbon, which as F-listed wastes, will
result in considerable regulatory, tachnical, and cost ramifications. The ROD also did
not address the issue of dioxin both in the effluent and residuals. At the present time,
the Commonwaealth of Virginia has determined that the discharge requirements for an
on-site treatment plant will require attainment of a treatment standard that is
tchnically' impossible to meet. Since the activated carbon will be contaminated with
dioxin during this process, it cannot be regenerated and will require disposal at a
high-cost, permitted dioxin incineration facility. In addition, since stormwater flows
and treatment were not considered in the ROD (for this site, stormwater will be the
majority flow), the cost of water treatment and disposal is far greater than that
indicated in the ROD. '

One option to be considered includes pretreatment of site water for metals, turbidity
and suspended solids followed by disposal in the sanitary sewer. Although technically
and economically pragmatic, this option has run up against stiff opposition by Henrico
County because of a county prohibition on discharge of stormwater or combined flow
to the sanitary sewer. Another option for water treatment includes the use of an Ultra
violet/Oxidation process for organic treatment rather than the exclusive use of carbon
adsorption. This option would result in the use of a destructive technology for
organics removal while greatly reducing the generation of dioxin containing F-listed
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carbon. Finally, serious regulatory consideration could be given to allowing on-site
disposal of gensrated sludge and carbon, thus reducing the cost and hazards
associated with off-site disposat.

3.3 SOIL TREATMENT
3.3.1 Remady

Three -speciﬂc areas on-site have been identified for treatment of soils above the
hardpan layer. These areas include soils within 25 feet of the process drip pad,
blowdown sump and the existing site pond as woell as a filf area on the southeast
portion of the site. The total volume of soil to be treated is approximately 12,850
cubic yards based on design modeling. The selacted remedial technology for soil
treatment is Low Temperatuanharmal Desorption coupled with a8 non-combustive,
recovery type air pollution control system. - '

3.3.2 Analysis

This itamn is quite complex and considerable regulatory and engineering rationale is
involved in the analysis. The analysis is broken down into the following components:

e soil contaminant conditions/fate and transport analysis;
* risk analysis; and
e  air poliution control system analysis.

3.3.2.1 Soill Contaminant Conditions/Fate and Transport Analysis

This section discusses the fate and transport of organic contaminants at the Virginis
Wood Preserving Site. A three dimensional groundwater flow and transport model was
constructed for the purpose of determining thae concantrations of organic contaminants
outside the sits boundary after implementing the mandated remediation measures.
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Construction of the flow end transport model also synthesizes all the relevant
information available about the site, resulting in & batter understanding of the physical
and chemical processes and interactions occurring at the site.

The mandated remediation measures include a slurry wall around the entire site
boundary, 8 muiti-layer cap over the surface of the site, and groundwater extraction
inside the slurry wall region. In addition, the “hot spots® ot contaminated socils within
the site boundary are to be excavated and treated using low temperature thermal
desorption. The treated soil will then be backfilled. In part, the modeling study was
conducted to determine the value of extracting the “hot spot® soils. Two remediation
scenarios were modeled:

e  Remediation Scenario 1: mandated remediation messures, including
treatment of “hot spot” soils.

e  Remediation Scenario 2: mandated remediation measures leaving "hot
spot” soils in place.

The concentration of selected contaminants outside the slurry wall area were
calculated using the model for each of the remediation scenarics. These
concentrations were used to determine if there is any increased risk associated with
leaving the "hat spot”® soils in place over excavating and treating these sails.

In order to calculate the required concentrations, a three-dimensiona! flow snd
transport mode! was developed and calibratad, and this mode! was used to predict
future concentrations. The development of this model procesds throUgh a series of
four major steps.

1. Review of the data available for mode! construction and calibration.

2. Construction and calibration of the groundwater flow model using
hydraulic head data.

3. Implementation of remediation scenarios into a flow mode! and
predication of future water levels.

4. implementation of remediastion scenarios into a transport mode! and
prediction of future concentration levels.

HAWPVAVA. WOODVALUE. NG -9.

AR30LOOY



Each step depends on the results of the pravious step. The reviewed data was used
to construct and calibrate the steady state groundwater flow model. The remediation
scenarios wérl implemented into the flow model, and a transiant analysis was
parformed to predict water lavels over a 30-year remediation pariod. Finally, the
transient groundwater flow velocities calculated by the flow modal wers linked to the
roemediation transport model, and the concentrations over the 30 year remediation
period were predicted. The details of the implementation of each step are described
in the following sections.

3.3.2.1.1 Data Review

The data review was used to determine the physical and hydrogeological data available
at the site for purposes of constructing the model. The sources reviewed were:

o 1988 Preliminary Investigation of Hydrogeologic Conditions and Soil and
Groundwatar Contamipation at the Virginia Wood Preserving Site,
Richmond, VA, Bennett and Williams, Inc.;

A detailed description of the geology and hydrogeology of the site is contained in the
sources listed above, and is not repeated here.

The data required for the construction of the models includes:

Physical and geological data
. surface alevations;
L] alavations of tha top of the hardpan layer; ,
. slavations of the top of the saprolite layer; and
[ ]

elavations of the top of the badrock layer.

HAWPVIVA-WOODIVALUE.ENE. -10-
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) hydraulic head information in the vicinity of the site.
. creek location '

Elow parameters
. hydraulic conductivity distribution for each layer;
. storage coefficient distribution for each layer;
e porosity distribution for each leyer; and
. recharge due to precipitation to tep layer.
Contaminant transport parameters
. source area;
. source strength;
. timing of source release;
. dispersitivity of the porous media;
° sorption parameters; and '
. presant soil and groundwater contaminant distribution in all layers.
Parametars for predictive modeling
. slurry wal! parameters {(hydraulic conductivity);
. infiltration rate through cap; and

. extraction system configuration and pumping rates.

The data values used for modeling are dascribed in the appropriate sections.

3.3.2.1.2 Groundwater Flow Model

The first stap towards predicting the contaminant concentrations is to construct and
calibrate a steady state groundwater flow model. This step is essential in order to
determine the model parameter values, such as hydraulic conductivities, recharge
ratas, stc. This step is also very useful in understanding how the groundwater flow
systam works, and what components of the system have the most influence on the
fiow rates and directions at the site. The description of the groundwater flow mode!
is divided into three parts. First, the conceptua!l flow mode! is characterized. Next,
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the computer implementation of this conceptual modsl is described. Finally, the
process of model calibration and the resuits are presented and discussed.

3.3.2.1.2.1 Conceptual Modal for Current Groundwater Flow System

Four main hydrostratigraphic units are presernt at the sits. The base of the flow
system is formed by a low permeability unwaathered granite bedrock unit. Above the
bedrock is a saprolite unit that is from 4 to 14 fest thick, and acts as an aquifer. A
hardpan unit ranging from O to 10 feet in thicknass overlies the saprolite, and acts as
a confining layer. The uppermost unit is a perched aquifer, with saturated thicknesses
of O to 4 feet.

North Run Creek, approximately 150 feet north of the sits, forms the only natural
boundary for the flow system. The other modsl boundaries are determined from the
hydraulic head distribution in the vicinity of the site. '

These four hydrostratigraphic units contain two aquifers: the perched aquifer and the
saprolite aquifer. Over much of the site, these aquifers are separated by the hardpan
unit. Howavar, the hardpan unit has two "holes” which allow connaction batween the
aquifers. One of these "holes"” is natural, caused by a thinning of the hardpan unit to
zero. The other "hole” is man-made, caused by the installation or removal of the
blowdown sump. Flow in both aquifers is generally from southwaest to northsast.

Perched aquiter

The hydraulic head distribution and the flow directions in the perched aquifer are
primarily controlled by the slevations of the top of the hardpan unit. The hydraulic
head is typically ona to three feet abovo_‘tho top of the hardpan layer, and flow
directions are from high head to low head. Secondary controls on the head distribution
in the parched aguifer ara the distribution of hydraulic conductivity of the hardpan unit,
the distribution of hydraulic conductivity of the perched aquifer, and areal recharge
distibution. |
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The hydraulic conductivity distribution of the hardpan unit follows the soil types. In
aress where the Colfax soil series is present, the hsrdpan is highly cemented and has
very low permeabi!ity. in other areas, the hardpan has a somewhat higher
permeability, sllowing more hydraulic communication between the aquifers. In the
areas of "holes” in the hardpan, the permeability is equal to the aquifer permeability,
and the aquifers are directly connected. This hydraulic communication variation within
the hardpan results in deviations of the hydraulic head distribution in the perched
aquifer from the expected head distribution due to elevation of the top of the hardpan.

The distribution of flow in the perched aquifer may also be controiled by the hydraulic
conductivity distribution within the perched aguifer. However, no evidence of a
systamatic variation in the hydraulic conductivity within the perched aquifer was
found, 8o a uniform hydraulic conductivity is assumed. |

Recharge also varies over the site, and areas of higher recharge result in higher
hydraulic head values. Recharge over the model area can be divided into three zones.
The highest recharge occurs over the unimproved forested areas. Medium recharge
occurs over the wood preserving site, due to the compacted nature of the near surface
soil and the stormwater runoff system. The lowest recharge occurs on the permanent
wetland areas and the areas of groundwater discharge.

Saprolite squifer

The saprolite aquifer is a confined aquifer in the vicinity of the site, and therefore the
hydraulic head distribution is controlled primarily by the regional gradient. Under the
ragional gradient, groundwater flow in the saprolite aquifer is generally from southwest
to northeast. Loca! deviations from the regional gradient occur due to the hydraulic
communication with the perched aquifer through the hardpan layer, and local variations
in hydraulic conductivity within the saprolite unit.

In regions where the hardpan unit has low permeability, the hydraulic head in the

‘saprolite aquifer is not influenced by the hydraulic head in the overlying perched

aquifer. In regions where the hardpan unit has higher permeabilities, the hydraulic
head in the saprolite aquifer is somewhat influenced by the hydraulic head in the
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overlying perched aquifer. In regions where a hole sxists in the hardpan unit, the
hydraulic head in the saprolite aquifer should be similar to the hydraulic head in the
overlying perched aquifer.

The hydraulic head map of the saprolite aquifer presented in Figure 3-9 of the 1992
Phase Il R! shows a large daviation from the rogional gradient in a bahd across the
center of the plant site. This large deviation is unusual in a confined aquifer. Possible
causes of this deviation are (1) a high permaability channal in the saprolite unit; (2)
unconfined conditions with the deviation caused by variations in bedrock elevations;
(3) a low permeability channe! "damming® the water behind the low permeability
region. Large variations in the hydraulic conductivity of the saprolite do not generally
occur, since the depositional anvironment was ralatively uniform. The badrock
elevations do not reflact a high in the region of the high in the hydraulic head of the
saprolite aquifer. The cause of the large deviation from the regional gradient is not
understood conceptually.

3.3.2.1.2.2 implamentation of Conceptual Flow Model

Groundwater flow af the Virginia Wood Preserving Site was modeled using MODFLOW
{USGS, 1984). The modelad domain contains ths Virginia Wood Preserving Site and
the surrounding area. Figura 3-1 shows the limits of the modeled domain and the
modeal grid. Tha northern boundary of the domain coincides with North Run Creek. The
other boundaries are chosen to encompass as much data as is available about the site,
and are located as far from the site as data is available.

Within the model domain, the hydrogeology is discretized into three layers. Layer 1
represents the perched aquifer, layer 2 represents the hardpan unit, and layer 3
reprasents the saprolite aquifer. The slevations for the bottom and top of each of the
thrae layers were caiculated from the 1992 Phase [l Rl Figures 3-4, 3-5, and 3-7.
Within each grid cell, an average bottom and top selevation for each layer was
interpolated from these figures.
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A flow boundary condition is required for aach of the modsl boundaries. The northarn
boundary of the model domain is imposed through 8 combination of no-flow boundaries
and drain cells. North Run Creek is considered a groundwater divide, so a no-flow
boundary is imposad along the creek. Along the top layer, North Run Creek was
modeled using the drain packags in MODFLOW. The average creek elevation within
sach cell was used as the drain elevation for that cell.

Thi waestern, southern and eastern model boundaries are considered constant head
boundaries. These boundaries were placed as far as possibls from the site so that the
imposed head boundaries do not overly influence the calculated flow pattern within the
sits. The head values at the boundaries were calculated from the water level
information obtained in the 1992 Phase Il Rl. Phass Il Rl Figures 2-10 and 2-11 were
used to estimate the average head valuas within each cell along the constant head
boundaries for the perched and the saprolite aquifer, respectivaly.

The parameters required for each grid cell are the hydraulic conductivity, and the top
and bottom elevations. Recharge due to infiltration is also required over the top layer.

All model cells representing the perched aquifer wers assigned a uniform hydraulic
conductivity. Although the hydraulic conductivity undoubtedly varies within the
parched aquifer, there is no evidence of a systematic pattern for the hydraulic
conductivity distribution. The perched aquifer was assigned a uniform hydraulic
conductivity of 0.173 ft/day, based on the avarags hydraulic conductivity obtained by
Bannett and Williams using fiald and laboratory tests. During model calibration, this
hydraulic conductivity value was increased to 0.7% ft/day. The increase in model
hydrauiic conductivity over measured hydraulic conductivity is consistent with the
resuits of many modeling studies. A field test for hydraulic conductivity samples a
much smaller volume than the model domain. This smaller volume may miss some
large scals features that the model domain includes. The model scale hydraulic
conductivity is thersfore generally larger than the hydraulic conductivity measured
using field tests.

The saprolite aquifer was also assigned a uniform hydraulic conductivity, for the same
reasons described above. The assigned hydraulic conductivity for the saprolite aquifer
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is 0.123 ft/day, based on the average hydraulic conductivity obtained by Bennett and
Williams. During mode! calibrati%n. this hydraulic c”t:nductivity value was increased to
0.75 ft/day.

The hydraulic conductivity within the hardpan unit shows a systematic variahility,
based on the soil type and the presence of "holes"” in the hardpan. Figure 3-2 shows
the modeled spatis! distribution of the thres 2ones representing the hydraulic
conductivity within the hardpan. Zones H1 and H3 represant the hardpan in the
vicinity of the Colfax soil saeries, with a laboratory measured hydraulic conductivity of
0.000028 ft/day. Zone H2 represents the hardpan under the other soil uhits, which
was not measured in the Iaboratory. "Holes," or soft spots in the hardpan, also exist,
with a laboratory measured hydraulic conductivity for the soft spots of 0.0028 ft/day.
Usihg MODFLOW, a laysr cannot be assigned a zero thickness, so the "holes” in the
hardpan are modeled using a finite thickness layer with a hydraulic éonductivitv equal
to the hydraulic conductivity of the adjacent layer. During model calibration, the
hydraulic conductivity of H1, H2, and H3 were adjusted to 0.00008, 0.028, and
0.0008 ft/day respectively. Since the measured hydraulic conductivities are based on
core analysis in the lab, an order of magnitude increasa batwesn the laboratory and
model hydraulic conductivities is not uncommon.

Figure 3-3 shows the spatial distribution of the three recharge zones within the model
domain. The unimproved forested areas receive the highest recharge, with a calibrated
value of 2 inches per year. The wood preserving site receives a moderate recharge,
with a calibrated value of 1 inch per year. The groundwater discharge areas receive
no racharge. These calibrated recharge values are somewhat lower than expectad, but
the recharge rates cannot be increased s;gmfacantly without using unrealistically high
hydraulic conductivity values.

3.3.2.1.2.3 Flow Model Calibration

The flow model, as constructed above, must be calibrated in order to determine the
model parameter vaiues and be useful as a predictive tool. During the calibration
process, measured hydraulic head data at various points throughout the mode! domain
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are compared to the modeled hydraulic head data at those points. The model
parameter values, such as hydraullic conductivity and recharge, are adjusted until the
maeasured values closaely match the modeled values.

The flow model was calibrated using the July 1992 water level measurements. Data
are available for 14 ivells in the perched aquifer, and 23 wells in the saprolite aquifer.
Table 3-1 presants the well information, including the well name, the aquifer it is
screened in, the July 1992 measured water level, the modeled head for the final
calibrated model, and the residual {(measured head minus modeled head) for each wall.

During the modeal calibration process, all hydraulic conductivity parameters are
systematically varied, both alone and in various combinations. The recharge
parameters ars also varied, both alons and in combination with the hydraulic
conductivity parameters. After each run with a new set of parameter values, three
checks are conducted. First, calibration statistics such as residual mean, residual sum
of squares, residual standard deviation, etc., ars calculated for both aguifers
individually and jointly. These calibration statistics are used to determine which set
of parameters resulted in the bast fit of the observed and modaled head data. Second,
hydraulic head maps for both aquifers are constructed and compared to the cbserved
hydraulic head distributions, to make sure that the overall flow pattern is being
reproduced. Third, the residuals are plottad on the sitea map to detarmine whether the
residuals are spatially correlated. The set of parameters which performs the best on
alt three checks is chosen as the calibrated model parameter values. Over 200 model
runs were raquired to calibrate the flow model.

Figure 3-4 shows the modelad water table elavations for the perched aquifer, and
Figure 3-5 shows the modeled potentiometric surface for the saprolite aquifer. These
figures also include the plotted model residuals for each aquiter. These figures can be
compared to the 1992 Phase Il Rl Figures 2-10 and 2-11. In the perched aquifer, the
modeled water table contour pattern follows the pattern shown in Rl Figurs 2-10. A
groundwater divide is clearly present running through the middle of the site. The dry
arsas simulated by the model closely follow the dry areas observed in the field. In the
saprolite aquifer, the general groundwater gradient as well as a slight groundwater
divide is correctly simulated. However, the large deviation from the general
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TABLE 3-1

CALIBRATION TARGETS FOR GROUNDWATER MODELING

HAWPRVAVA. WOODAVALUE.ENG

Page 1 of 2
Measured
Well No. Aquifer Head Modeled Head Residual
| ___OM-18A Perched __209.44 20913 | 0.31
_ DM-19A Perched 207.55 206.86 | 0.69
BW-3A Perched 207.39 208.02 -0.63
__DM-20A Parched _208.36 208.71 -0.35_
| BW-11A Perched 199.42 dry
BW-2A Perched _200.14 dry
BW-10A Perched 203.23 206.04 -2.81
DM-1A Perched 205.63 204,98 0.65
SW-4 ~Perched 196.56 1987.30 -0.74
DM-22A Perched 206.10 204.84 0.26
DM-21A LPerched 20296 | 20343 |  -0.47 |
BW-8 Perched _206.28 203.90 2.35
BW-9A Perched 203.73 201.6 2.19
DM-4A Perched 205.80 207.19 -1.39 |
BW-14 Saprolite 208.27 207.96 0.31
DM-5 Saprolite _208.8 208.38 0.42
DM-4R Saprolite 205.27 206.17 -0.90 |
| DM-15 Saprolite 20733 1 20683 | 050
BW-11 Saprolite . 199.31 20099 ¢ . -1.68
DM-18 Saprolite 205.80 205.46 0.34
DM-3R Saprolite 206.34 205.62 0.72
DM-20 Saprolite 206.49 206.19 0.30 |
_____DG-7 Saprolite 208.17 206.11 2.06 |
__DM-23 Saprolite 197.87 2001081  -3.19
OM-2R_ Saprolite 196.85 201,73 4.01-4-
DM-16 Saprolite 205.90 203.96 | 1.94
DM-1R Saprolite 203.21 | 204,72 -1.61
_ET-1 Saprolite 195.49 197.7 -2.21
| DM-22 Saprolite 198.76 202.27 -3.51
DM-21 Saprolite 201.35 203.79 _-2.44




TABLE 3-1

{Continuead) Page 2 of 2
Measured
Well No. Aquifer Head Modeled Head Residual

| BW-12 Saprolite 196.58 198.38 -1.80

BW-9 Saprolite 202.22 201.93 0.29
BW-13 Saprolite 204.21 204.1 0.09 |
ET-2 Saprolite 196.30 196.28 0.02_
ET-6_ Saprolite 198.27 197.68 0.59 |

ET-7 Saprolite 200.81 202.30 -1.49
BW-10 Saprolits 205.61 203.50 211 14
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groundwater gradient shown in the 1992 Ri Figure 2-11 could not be simulated
without using severa! zones with large hydraulic conductivity contrasts within the
saprolite. Thase large hydraulic conductivity contrasts were not considered realistic,
so they were not rstained in the calibratad model. The calibrated model retains the
flow charactaristics within the saprolite aquifer, but not the magnitude of the deviation
causing the groundwater divide.

3.3.2.1.3 Conceptual Flow Model for Remediation

After the steady state groundwater flow model was constructed and calibrated, the
mandated remediation measures were built into the flow model. The changes to the
flow model for remediation include placing a slurry wall around the site, reducing the
recharge over the site due to a multi-layer cap, and designing an extraction system
arrangement and pumping schedule for the interior of the site. A transient
groundwater flow mode! was then run in order to predict the change in groundwater
elevations over time after implementing the remediation measures.

A low conductivity slurry wall was simulated 5found the boundary of the site. The
slurry wall extends from the ground surface to bedrock. The hydraulic conductivity of
the slurry wall is specified to be 0.00028 ft/day, approximately cne order of magnitude
higher than the highest hydraulic conductivity obtained during the slurry wall trials in
the site treatability study.

During remediation, the recharge distribution over the model area changes. The site
is covered by a multi-layer cap, with a conservative estimated infiltration rate of 0.084
infyr. Since the head on the interior of the site will be lower than the head on the
exterior of the site, the former discharge areas (wetlands) may bacomae recharge areas.
The recharge in these areas are set egual to the wooded area recharge from the
calibrated mode! during the period of remediation.

The extraction system on the interior of the site is included in the remediation
measures in order to maintain inward groundwater gradients toward the slurry walled
region. The actual remediation proposal is to include a set of caissons with horizontal
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collectors as the extraction system. This type of extraction system is not easily
simulated using MODFLOW. Instead, for modeling purposes, a set of wells insida the
site was usad to sxtract groundwater.

An extraction system is proposed for both the parched aquifer and the saprolite
aquifer. However, the perched aquifer has a relatively low hydraulic conductivity and
a saturated thickness of O to 3 feet. This combination of conditions creates difficulties
for an extraction systam in the system parched aquifer. At any significant pumping
rate, the drawdown in the system quickly reaches the top of the hardpan, and the
system cannot prodiuce any more water. The drawdown cona from using wells would
not extend very far from the well, so the wells do not have much influence on the
general water table elevation. In addition, on the north side of the site, the top of the
hardpan elevations ars above the laval of North Run Creek. This condition makas it
difficult to create inward gradients along the entire northern boundary of the site. For
thess reasons, no extraction system was simulated in tho perched aquifer. The
extraction system in the saprolite aquifer, in combination with the hydraulic connection
across the hardpan, was used to create drawdown in the perched aquifer. It is
recognized that inward gradients will not be maintained around the entire sits in the
porched aquifer, but this condition is unavoidable.

Extraction wells are possible in the saprolite aquifer. Two extraction pariods are
required: an initial high extraction rate period to dewater the confined aquifer within
the slurry walled area, and then a lowsr extraction rate period to maintain the
drawdown conditions. Many arrangements of extraction well numbars, locations, and
rates wers tested. A suitable arrangement for modeling purposes includes nine
extraction wells, spaced svenly within the slurry walled region. During the first year,
these wells are pumped at an average rate of 60 ft3/day. During the remaining 30 year
remaediation period, the wells are pumpad at an average rate of 8 ft3/day.

After modeling the above remediation measures, the groundwater flow model was run
in a transient mode to predict the evolution of the groundwater levels over the 30 year
remediation period. The initial groundwater levels were taken from the calibrated
steady state groundwater flow modsl. Figures 3-8a, b, and ¢ show the water levels
in the perched aquifer at 1 year, 10 years, and 30 ysars aftar the start of remediation.
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Saveral obsarvations about flow within the parched aquifer can ba made from thess
groundwater slevation maps.

(1) Inward gradients are presant around the south, wast, and east side of the
site during the entire remadiation period,.

(2) Along the northern boundary, inward gradients are not maintained. Flow
gradients are from the site toward North Run Creek.

(3) Using this remediation scheme, the northern half of the perched aquifer
bacomes dry within 30 years after the start of remediation.

(4)  Within the site, flow diractions are genarally toward the north during the
entire remediation period. The natural groundwater divide across the
center of the site is no longer present, due to the disruption caused by
the slurry wall.

Under this ramadiation pumping scheme, contaminatad groundwater in the perched
aquifer within the VWP site would not be expected to migrate off-site toward the
waest, south, or sast becauss of the inward hydraulic gradients along those boundaries.
Contaminated groundwater within the perched aquifer may migrate to the north, but
it would be stowed by having to cross the low-parmeability slurry wall and by the dry
conditions in the northern half of the site. Within the slurry walled region, the flow
gradients will cause any contaminated groundwater in the perched aquifer to migrate
towards the north. Very little migration is expected towards the east or west.

Figures 3-7a, b, and ¢ show the water levels in the saprolite aquifer at one year,
10 years, and 30 years after the start of remediation. The location of the extraction
walls in the saprolite aquifer can be seen from the drawdown cones around each
extraction well after 1 year. Two important observations can be made from these
groundwater alevation maps. First, the drawdown after one year is sufficient to
convert the saprolite aquifer within the slurry walled region into an unconfined aquifer.
it remains unconfined throughout the 30 year remediation pariod. Second, inward
gradients are created around the entire site within 1 year. These inward gradients
remain throughout the remediation period.

Under this remediation pumping scheme, contaminated groundwater within the
saprolite aquifer will not be expected to migrate away from the site in any direction.

HAWPAAYA - WOCDAVALUE DVG -20-

AR30LO30



HLIS ONIAYISTEd AOOM VINIOYIA
: NOLLVIGIWTN 4O JMVLS SHL Y3 LIV ¥VIA INO IV
YFHNOV ALITOUAVS NI
SNOLLVAT T HOV:-RINS DIRLLAWOLLNALOd QI THA0ON
BL'€ ANOI

AR30LO3I




moow es )1 H11s  MIA¥ISTHd OOM VINIDHIA
NOLLVIGIWEY 40 1AVLS FHL ¥ALIV SHVEX NAL IV
AFINOV HLITOUJVS NI
SNOLLVAT'T ADV-RINS ORLLAWOLLNALOA AT TIAOW
qL°¢ TANOILAE

N T
= ([ \R/\ A |
S $ " :

1 VNS EEDY WU N S SR T 1 U B Y
B L L4 T ¥

AR304032



LIS ONIAYESTId AOOM VINIDWIA
NOLLVIGEWNHY 40 JYVLS SHL Y4LIV SUVHA ALNIHL IV
YLAINOV ALINOUIVS NI
SNOLLVATTH HOV:0iNS DRLLAWOLLNALOd AT THAON
't TANDK :

. \\?ﬂx\\r

AR304033



Strbng inward gradients are craated across the slurry wall, with head differences up
to 10 fest. The groundwater table within the sits is basically flat during most of the
remediation pericd, so the contaminated grbundwater within ths site will not be
compelled to move anywhars.

3.3.2.1.4 Remadiation Transport Modaling

In order to verify the general conclusions obtained from the ramaediation flow modeling,
contaminant transport modeling of the remediation scenarics was undertaken. The
mandated remediation measures, described in the introduction, was modeled as
remediation Scenario 1. An alternate remediation scanario which simulates leaving the
"hot spot™ soils in place, was modeled as remediation Scenario 2. The concentration
of pentachlorophanol (PCP) throughout the remediation period was predicted for each
of the remaediation scenarios. From the distribution of PCP, the maximum
concentration outside the slurry walled area can be calculatad.

The dascription of the ramaediation transport modsl proceeded as follows. First, the
possible sources of contamination were reviewed, along with a conceptual discussion
of how the contaminants movs in the subsurface. Next, the modeling of the sources
in the remediation scenarios was described. Third, the parameters used in the
transport remadiation models were described. Finally, the remediation modaling,
results and conclusions were discussed. '

3.3.2.1.4.1 Orgin and Past Movement of Contaminant Sources

The contamination originated at the surface within the site and is present in three
forms: {1) contaminants sorbed onto soil particles; {2} non aqueous phase liquid
contaminants within the pore spaces of the scil matrix; and (3) dissolved
contaminants. In general, the organic contaminants of concern, such as PCP, are
denss non-aqueous phase liquids (DNAPLs) with low solubilities and high sorption
coefficients. The contaminants sorbed onto soil particles have migrated downward
throuqh percolation of the small soil particles, and have also migrated !ataerally due to
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stormwater transport of contaminated soil particles. 'l'he DNAPLs have migrated
downward under the influence of gravity. The dissolved contaminants have migrated
jaterally within each aquifer under advection and dispersion of the groundwater. The
dissolved contaminants also sorb onto soil particles during transport, and move more
slowly than the average advective groundwater velocity.

There are three major areas of surficial contamination: the former blowdown sump, the
drip pad, and the unlined pond. These three areas contain the highest concentrations
of organic contaminants in the soli. The distribution of contaminants in the
groundwater of each aquifer is directly affected by the areas of surficial contamination,
but many other factors are involved as well. These factors are discussed for the
individusal aquifers below.

Perched Aquifer

The two sources of dissolved contaminants in the perched aquifer are from the
DNAPLs and desorption of contaminants from soil particles.

The DNAPLs originated at the surface, and have probably migrated vertically
downward to the top of the hardpan. Once at the hardpan, they may migrate down
the dip of the hardpan. However, the horizontal migration along the hardpan is
probably very limited for two reasons. First, a low in the hardpan elevation in the
vicinity of the blowdown sump {Phase i R, Figure 3-4) prevents horizonta! migration.
Second, the relative parmeabilities of the non-aqueous phase DNAPLs decrease with
trave! distance. Therefore, the DNAPLs are probably located near to the original
source. Solution of the DNAPLS into the dissolved phase occurs slowly, but the
DNAPLs provide a constant source of dissolved contaminants.

The contaminated soil particles have moved significant distances from their original

sources ({see Phase Il Ri, Figure 4-2, for an example of PCP contamination in surface
soils). The dasorption of contaminants from the soil particles to the dissolved phase
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depends on the distribution coefficiant (K,) between the dissolved phase and the
sorbed phase. A simple equation which describes the relationship is:

Concentration (sorbad phase) = K, * concentration (dissolved phase)

The organic contaminants of concern have large K4 values, so the concentration of the
sorbed phase is much larger than the concentration in the dissolved phase. An
accurate determination of the K, values is difficult, because it depends on the
contaminant and the organic contant of the soil. [t is possible that desorption is not
a significant process for this site.

Once the contaminants dissolve in tha groundwater, they move in the general direction
of groundwater flow. For the perched aquifer, the drip pad and blowdown sump
sources are near a groundwater divide, 3o the contaminants move both northeast and
southeast. The plume spreads due to disparsion. The contaminant plume also moves
at a rate slower than the advective groundwater velocity, bacause the contaminants
readily sorb onto soil particles in the flow path.

Sagrolite Aquif

All of the organic contamination in the saprolite aquifer was transported from the
surface, through both the perched aquifer and the hardpan unit. The contaminants
may have been transported in either a dissolved phase or as a non-aqueous phase.
Transport of contaminated soil particles probably did not occur.

Thers is evidence that the majority of the contaminants were transported to the
saprolite aquifer as a non-aqueous phase. Under this scenario, the DNAPL that has
migrated to the hardpan layer continues to migrate through a hole or soft spot in the
hardpan to the saprolits aquifer under the force of gravity. The DNAPL, if it is present
in sufficient volume to maintain a high relative permeability, then migrates on to the
top of the bedrock, where it accumulatas. The migration path and the pool both
contain DNAPLs, which provide a source for dissolved contaminants. The
contaminants dissolve, migrate with the groundwater flux, and then sorb onto
uncontaminated soil particles. This process will continua for a long time.
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Severa!l lines of evidence support the scenario described ab"'ove. The saprolite aquifer
region directly below the former blowdown sump contains the highest concentrations
of contaminants, both in the soil and dissolved. The concentration in the soil at the
top of the bedrock (1992 R, Figure 4-9 for PCP) is much higher than the concentration
in the soil at the top of the saprolite {1992 RI, Figure 4-7), indicating s pool of
contaminants at the badrock. The bedrock also contains a topographic depression in
this area, which sarves to contain the DNAPL.

A smaller center of contamination exists in the saprolite aquifer below the unlined
pond. There is no other evidence of a hole in the hardpan at this location, but one
must exist if tha ODNAPLs were sble to migrate downward to the saprolite. The
concentration in the soil at the top of the bedrock is zero, while the concentration in
the soil at the top of the saprolite is high. In this area, the volume of DNAPLs may not
be large enough to allow migration as far as the bedrock. The total volume of DNAPLs
migrates downward through the pore spaces as continuous stringers. As the stringers
migrate, they are stretched and occupy lesser amounts of the pore space. If the
stringers become stretched enough so that they occupy less than 15% of the pore
space, the relative permeability of DNAPL approasches zero and the downward
migration halts. This process appears to have occurred in the saprolite aquifer below
the unlined pond. The stringers of DNAPL, while immobile, still provide a source for
dissolved contaminants, which will be mobile and move away from the source.

A third area of soil contamination exists in the saprolite at the north-central border of
the site. In this area, the hardpan thins to zero or near zero. This area is also a
surface drainage. The source of the contaminants may ba contaminated soil particles
carried by run-off from the site, and then infiltrating through the perched unit and
directly into the hardpan. The saprolite groundwater north of the boundary does
contain some dissolved contaminants (1994 RDWP, Figure 3-1). The source of thess
contaminants may be dasorption from the contaminated soil particles.
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3.3.2.1.4.2 Contaminant Sources for Ramediation Models

The "hot spot” soil areas are the CCA Disposal Area, the Fill Area, and the soil
between the surface and the hardpan within 25 feet of the drip pad, the blowdown
sump, and the unlined lagoon. The contaminants in the perched aquifer within the
"hot spot” areas are a combination of non-aqueous phase and sorbed contaminants.
The maps of concentration of contaminants in the soil does not differentiate between
these two phasas. However, thess two phasas act diffarently in their contributions
to dissolved contaminants. The non-aqueous phase dissolves slowly but continuously,
The sorbed phasa can potentially desorb, but this desorption procass is not likely if the
dissolved concentration is already at a high level due to dissolution of the non-aqueous
phase.

The non-aqueous phase in the perched aquifar is also moving into the saprolite aquifer
through the holes in the hardpan unit under the force of gravity. The rate of
movemant is not well known. Also unknown is the amount of non-aqueous phase
remaining in the perched aquifer that may migrate into the saprolite aquifer. These
unknowns force several assumptions to be made for the simulation of the remaediation
scenarios.

Thes initial concentration levels and source locations and concentration levels for
remediation Scenario 1 are simulated as follows.

° The initial concantrations of PCP in thea perched aquifer are set to thair
measurad dissolved concentration levels, from Figure 4-12 in the 1992
RI, with the sxception of the "hot spot” areas. In the "hot spot” areas,
the initial concentrations are set to zero, since it is assumed that the
excavation and traatmeant will ramovae the dissolved contaminants as wall
as the sorbed contaminants. )

] No sources ars simulated in the perched aquifer, since the "hot spot”
source areas are removed through treatment.

* The initial concentrations in the saprolite aquifer are set to their measured
dissolved concentration levels, from Figure 4-14 in the 1992 RI.

L Two contaminant sources, representing non-aqueous phase pools and

stringers, are simulated in the saprolite aquifer. One source represents
the accumulation of DNAPL on bedrock beneath the former blowdown
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sump. The other source represents the stringers of DNAPL below the
uniined pond. The concentrations of these sources are sat equsal to the
current measured dissolved concentrations in those areas. The measured
dissolved concentration lavels aré assumed to represant an equilibrium
concentration level based on the rate of dissolution and the rate of
groundwater flow through those areas. Since the DNAPLS will probably
not be removed through extraction during the life of the remediation, the
source concentrations are assumed to be constant over the 30 year
remediation period.

The initial concentration levels and source locations and concentration levels for
remediation Scenario 2 are simulated as follows.

. The initial concentration levels in the perched aquifer are sat equal to
their measured dissolved concentration levels.

. Two sources are simulated in the perched aquifer, one at the drip pad
and sump, and one near the unlined lagoon. These sources represent
stringers or subsurface accumulation of DNAPLs on the hardpan. The:
concentrations of these sourcaes are set equal to the current dissolved
concantration levels in those locations. These source concentrations are
assumed to be constant over the 30 year remediation scenario. Note
that the accumulstion of DNAPL below the unlined pond may have
already migrated down the slope of the hardpan, towards the sast. This
migration should be halted by the slurry wall and pumping.

] The initial concentration levels in the saprolite aquifer ara set equal to
their measured dissolved concentration levels.

. The initial source locations and concentration levels for the saprolite
aquifer are the same as in remediation Scenario 1. Howaver, since the
perched aquifer was not cleaned up, the volume of this source may
increase over time, 838 more DNAPLS migrate from the perched aquifer to
the saprolite aquifer. Because the dissolved concentration levels in the
saprolite aquifer are siready much higher than the perched aquifer, most
of the DNAPLs have probably already migrated. However, as a
conservative estimate of the increase in source concentrations, the
source concentrations in the saprolite squifer are simulated to increase
during the first 10 years of the remediation period. The concentration at
the end of the first 10 years is equal to the maximum current
concentration in the saprolite aquifer plus the maximum current
concentration in the perched aquifer. This source concentration is then
considered constant for the next 20 years.

AR30L039S
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3.3.2.1.4.3 Parameaters Usad In the Transport Modal

The transport of organic contaminants at the Virginia Wood Preserving Site is
simulated using the MT3D model {Zhang, 1992). Because the timing, locations, and
concentration of the sources are not wall known, it is extremely difficult to calibrate
a transport model for this site. Instead, typical transport model parameter values for
these soil types and transport distances are used for the remadiation simulations:
Highly conservative values are used for the retardation and degradation of organic
contaminants in the subsurface.

The transport parameters necessary for the remediation scenarics are the initial
concentrations, the source concentrations, the porosity and dispersivity values for each
aquifer, and the distribution cosfficient betwesn the dissolved contaminant and the
sorbed contaminants. Thae initial conditions and source locations are describaed above.
Each layer is assigned a porosity of 0.3, based on the data in the 1992 RIl. The
longitudinal dispersivity for each aquiter is 10 ft, and the transverse horizontal and
transverse vertical dispersivities ars 1 ft. These values are basad on typical
dispersivities for this typs of porous madia and transport distanca.

The distribution coefficient is the most difficult parameter to determine. Several
formulas are available to calculate the distribution coefficients, based on parameter
such as the octanol-water partition coefficient {K,,.). the organic carbon partition
coefficient (K.}, and the fraction of organic carbon in the soil. For PCP, these
formulas produce K, values ranging between 9 and 308 liters per kilogram. These K,
values mean that there are between 9 and 308 parts of sorbed contaminant for every
part of dissolved contaminant. This range of K, values produce a large difference in
the transport rate. For transport, K, values can be convertad to retardation factors.
The retardation factor gives an indication of haw much the contaminant transport rate
is reduced from the groundwater flow rate. Retardation factors for PCP in this aquifer
range from 450 to 1540. These retardation factors indicate that if the average
groundwater velocity is 1.0 ft/day, the average wvelocity of the contaminants is
between .0022 and 0.00065 ft/day. |
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Although the K, values and retardation factors are quite uncertain, there is a very
consarvative approach to calculating the maximum concentrations of contaminants
outside the slurry walled area during the 30 year remediation period. When no sorption
is simulated, the retardation factor is 1.0, and the solute moves with the average
velocity of the groundwater. Since the calculated K values produce retardation
factors which range from 450 to 1540, using a retardation factor of 1.0 allows the
contaminants to move much farther than they would probably move in this squifer.
It is the most conservative approach possible. In addition, the organic contaminants
probably degrade naturaily in the subsurface. This degradation process has not been
modeled, because the rate of natural degradation is unknown. Not including the
degradation process is also a conservative spproach, because the calculated
contaminant r.j.oncentrations are higher than they probably will be in the aquifer,
especiaily after long periods of time.

3.3.2.1.4.4 Remediation Transport Modeling Results

The initial conditions, source locations, and transport parametars described above were
implamented into the transport model, linked to the transient flow model, and the
transiént concentrations throughout the site calculated for a the 30 year ramediation
period. The results of the remediation transport models can be summarized using the
isoconcentration contours throughout the two aquifers. Figures 3-8a, b, ¢, and d are
the concentrations of PCP in the perched aquifer for 1 day, 1 year, 10 years, and 30
years after the start of remediation under remediation Scenario 1. Figures 3-9a, b, ¢,
and d are the concentrations of PCP in the saprolite aguitaer for 1 day, 1 year, 10 years
and 30 yoars after the start of remediation under Scenario 1. The concentration
contours plotted on these maps are the 1.0 ppb, 5.0 ppb, 10 ppb, 100 ppb, 1000 ppb,
and 2000 ppb.

The concentrations after 1 day are equal to the current concentrations of PCP
(Figure 3-8a). For the perched aquifer, the highest concentrations outside the site
“occur outside the southern boundary of the site, up to 30 ppb. Significant
concentrations are also presant outside the eastern boundary of the site, up to 20 ppb.
On the northern boundary of the site, the concentrations are only 2 ppb. After one
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year (Figure 3-8b), the contaminated area outside the sits has remained fairly constant,
and the concentrations have decreased slightly. After 10 years (Figure 3-8c¢), barts of
the perched aquifer have dried out. The area of contaminated groundwater has
increased slightly due to transport around the slurry wall and dispersion, but the
concentrations outsids the slurry wall have decreased significantly. After 30 years
{Figure 3-8d), the area of contaminated groundwater has remained relatively constant,
and the concentrations have decreased even more. The concentrations of PCP
decreasse over time because no new contamination is crossing the slurry wall from the
inside of the site. The existing mass of dissolved contaminants spread out over a
targer area due to advection and dispersion, and their concentrations are reduced.

In the saprolite aquifer, the concentrations after day 1 are equal to the current
concentrations of PCP (Figure 3-9a). Note that tha initial concentrations of PCP within
the site are much larger in the saprolite aquifer than in the perched aquifer. The
highast concentrations outside the slurry wall are again on the south side of the sits,
up to 50 ppb. Thae largest area of contaminated groundwater is found on the north
side of the site, since the dominant flow direction within the saprolite aquifer is
towards the north. The concentrations outside the slurry wall to the north are up to
15 ppb. Over time, the contaminated water around the south sids of the slurry wall
moves toward the east, as the groundwater flows around the slurry wall. The
concentrations on the south side decrease, as dispersion processes spread the existing
contaminant over a larger voluma. On the north side, the contaminated groundwater
already in the saprolite moves toward the creek over time, and the area of
contaminated groundwater increases due to advection and dispersion. The
concentrations outside the northern side also decrease over time, because no new
mass is added from inside the site.

The maps of concentration contours for remediation Scenario 1 can be compared to
the maps for remediation Scenario 2 to determine the benefit gained by excavating the
. "hot spot" soils. Figures 3-10a, b, ¢, and d are the concentrations of PCP in the
perchad aquifer for 1 day, 1 year, 10 years, and 30 yaars after the start of ramadiation
under remediation Scenario 2. Figures 3-11a, b, ¢, and d are the concentrations of
PCP in the saprolite aquifer for 1 day, 1 year, 10 years and 30 years after the start of
remediation under Scenario 2.
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The main differences in the perched aquifer betwesn Scenario 1 and Scenario 2 are the
presence of sources within the site area. On the southern boundary, the
concentrations for the two scenarios are very similar. Outside the eastern boundary,
the concentrations for remediation Scenarios 1 and 2 sre initially the same, but over
iirne the concentrations in Scenario 2 decay at a slower rate than the concentrations
in Scenario 1.

In the saprolite aquifer, very little difference axists between remediation Scenarios 1
and 2. For ramediation Scenario 2, the 'sourca concentration inside the site increase
over time. Howaver, since these sources are not located closa to the site boundaries,
and inward gradients are maintained during the entire remediation period, the
concentrations outside the site are basically unchanged betweean remediation Scenarios
1 and 2. Removing the "hot spot” soils in the perched aquifer provides almost no
benefit to the concentrations or area of contaminated water in the saprolite.

These remediation scenarios are conducted under very conservative assumptions,
including no retardation and no biodegradation. These conservative assumptions
allows the maximum differences between the two remediation scenarios to be
illustrated. [f retardation were included, the transport rates would be significantly
slower, and the differences between the two remediation scenarios would be
significantly smaller.

3.3.2.1.5 Summary and Conclusions

The fate and transport of organic contaminants at the Virginia Wood Preserving Site
has been modeled using a three dimensional groundwater flow and transport model.
The concentrations of PCP throughout the site have been calculated under two
different remediation scenarios. The two remediation scenarios were developed in
order to determine whether ramoving the “hot spots” of soil contamination in the
perched aquifer rasults in lower contamination levels outside the slurry wall during the
remediation period. The PCP concentrations were modeled using highly conservative
assumptions for initlal concentrations and transport parameters.
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From the remediation flow model, inward gradients are created by the remediation
measures across all boundaries of the site in the saprolite aquifer, and across all but
the northern boundary in the perched aquifer. Contaminated groundwater at the site
within the perched aquifer may only migrate towards the north after remediation. The
rate of migration is slowed significantly by the low-permeability slurry wall and dry
conditions in the northern half of the site during remaediation. Within the slurry wall
region, the flow gradients will cause any contaminated groundwater in the perched
aquifer to migrate towards the north. Contaminated groundwater within the saprolite
aquifer is not be expected to migrate away from the site in any diraction, due to the
strong inward hydraulic gradients.

The remadiation transport modeling allows maps of concentration contours for PCP to
be constructed throughout the remediation period. These maps can be comparad for
remaediation Scenarios 1 and 2 to determine whether there are any significant
differancas in concentrations outside the site boundarieas.

In the perched aquifer, both remaediation scenarics have the highest concentrations
outside the site boundary at the beginning of the remediation period, and these
concentrations decay over time. The inward groundwater gradients do not allow any
contaminants to advectively cross the slurry wall towards the outside. The mass of
contaminants currently outside the site spread over a larger area due to advection and
dispersion, and therefore dacraase in concentration.

in the saprolite aquifer, the highest concentrations outside the site under both
remediation scenarios occurs again at the beginning of the remadiation period. The
highest concentrations outside the slurry wall are on the south side of the site.
Howaever, the largest area of contaminated groundwater is found on the north side of
the site, since the dominant flow direction within ths saprolite aquifer is towards the
north. Over time, the contaminated water around the south side moves toward the
sast, as the groundwater flows around the slurry wall. On the north side, the
contaminated groundwater already outside the site moves toward the cresk over time,
and the area of contaminated groundwater increases due to advection and dispersion.
The concentrations of PCP decrease over time, becauss no new contamination is
crossing the slurry wall from the inside of the site.
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Very little difference exists batween the two remediation scenarios for concentrations
within the saprolite aquifer during the 30 year remediation period. Most of the
DNAPLs have already migrated as far as they will go into the saprolite aquifer, 3o
removing the DNAPLs in the perched aquifer will not significantly affect the source
concentrations in the saprolite. For remediation Scenario 2, a very conservative
approach was to assume that the source concentrations inside the site increase over
time. Howaever, since thesa sources are not located closs to the site boundaries, and
inward gradients are maintained during the entire remediation period, the
concentrations outside the site are basically unchanged between remediation scenarios
1 and 2. Removing the “hot spot” soils in the perched aquifer provides almost no
benefit to the concentrations or area of contaminated water in the saprolite.

3.3.2.2 Analysis of Risk
3.3.2.1.1 Selection of COCs for the VE Risk Analysis

Two indicator constituents were selected for evaluation in the VE Risk Analysis. The
indicators were chosen from the list of constituents which were considered in the
salection the LTTD remedial action in the Record of Decision (ROD) for the site (USEPA
1993). The list of constituents includes pentachlorophenol (PCP), carcinogenic PAHs
(PAH_s), and arsenic. The primary consideration in the selection of LTTD as a remedy
was the reduction of potential carcinogenic risks associated with these constituents.
The levels of arsenic in soil and groundwater outside the slurry wall will not be
impacted by LTTD, and will remain constant under each remediation scenario. Since
relative risks for arsenic exposure in each scenaric would not be altered by LTTD
treatment, arsenic was eliminated from evsluation in the comparative risk analysig.
PCP and PAH, concentrations in soil will be reduced by LTTD and were the primary
constituents of concern in the decision process leading to the ROD, and were thus
selected for evaluation in the VE Risk Analysis.

The structure and activity relationships of the PAH s are similar and these constituents
are often evaluated as a single group. Further, &s carcinogenic toxicity criteria are not
available for all the PAH_s, risk evaluation is usually based on the criteria developed for
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benzo(a)pyrene (B(a)P). Thus, rather than conducting groundwater modaeling for all the
PAH_3, a single PAH, was chosen basad on the greatast mobility and toxicity critaria,
as described below.

Comparative Mobility of PAH 3

The ratative mobility of the PAH_ s was compared using the organic-carbon partition
coefficient, K., and the octanol-water partition coefficient, K,,,. K, is an indicator
of a constituent’s tendency to adsorb to organic matter in soil. This adsorption of
nonpolar organic constituents is troated as an aquilibrium-partitioning process batween
the aqueous phase and the porous medium. Constituents with low K, values (i.e., log
Koo 283 than 3; {Ney, 1990)) are less likely to adsorb to soil. Constituents with log
K, greater than 4 ars likely to adsorb strongly to soil particles.

The X, is an indicator of a compound’s tendency to partition itself between an
organic phase and an aqueous phase. High valyes of K, {e.g., log K, greater than
3 {Ney, 1990]) indicate lipophilic compounds which typically bicaccumulats in aquatic
organisms and have a greater tendency for adsorption in socils and sediments.
Comparative values for K, and K., along with log K, and K, values, were used to
rank mobility of the PAH_s, and are presented in Table 3-2.

Based on rankings of comparative mobility, as measured by K, and K,,,,, chrysene is
considered the most highly mobile of the PAH_s, followed by banzo(alpyrens.

Relative Toxicity of PAH 3

The relative carcinoganic toxicity of tha PAH s was maasured by comparison of thair
cancer slope factors (CSFs). With the exception of B(a)P, CSFs are not available for
PAH_s; however, as an interim procedure, EPA Ragion IV has adopted a toxicity
equivalency factor (TEF) methodology for PAH_s based on the potency of each
compound relative to the potency of B(a}P (USEPA, 1992b). This methodology was
not available at the time the RI/FS was completed. TEFs for the seven PAH_s are
shown below:
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Benzo(a)pyrena
Dibenzo{a,hlanthracense
Benzo(a)anthracens
Benzol{b)flucranthene
Benzo(k)fluoranthene
Indeno(1,2,3-cd)pyrens
Chrysane
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Based on a comparison of the TEF values, B(a)P and dibenzo(a,h)anthracene would be
selected as the most toxic of the PAH_s.

Salection of Indi PAH. for Evaluati

Each PAH, was assigned separate scores for mobility and toxicity, accaording to rank.
The scores for each constituent were summed and the constituents were then ranked
according to the total score, as shown on Table 3-2. B(a)P received the highast
ranking for combined toxicity and mobility and was thus sslected as the indicator COC
for evaluation in the groundwater modaling and risk analysis.

Selaction of PCP for Evaluati

In addition to B{a}P, PCP was also selected for evaluation in the VE Risk Analysis. PCP
is not a PAH,. Its structure, activity, toxic properties, and mechanisms of toxicity
differ from those of the PAH_s and thus should be svaluated separately. Additionally,
although PCP is less toxic than most PAH_ s, it is more mobile in environmental media.
Kow and K. values of PCP (shown in Table 3-2) indicate that it is much less likely to
be adsorbed to the soil than PAH,s.

3.3.2.3.2 Risk Analysis

In order to compare the effectiveness of the designated remedial action and the no
thermal treatment option with respect to overall protection of human health, a
comparative risk analysis of the designated and alternative remedial actions was
conducted. The comparative analysis incorporatas portions of the nine evaluation
criteria sat forth in the NCP (40 CFR 300.430(e)(9)) which are used to evaluate and
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select remedia! alternatives, i.e., overall protection of human heaith and environment
{a threshold criterion) and reduction of toxicity, mobility, or volume through treatment
{a primary balancing criterion). The potential carcinogenic heaith risks from residential
exposure to COCs in groundwater outside the slurry wall were calculated for each
ramédiation scenario, based on the modeled groundwater concentrations for PCP and
8(a}P.

The comparative risk analysis was performed ir: accordance with tha most current EPA
guidance for conducting public health risk assassments (USEPA 1991s, 1991b,
1992a). Although the Baseline Risk Assessment (BRA) developed for the site as part
of the Remedial Investigation (Dames & Moore, 1992) was performed in accordance
with a draft version of the EPA risk assessment guidance, the process remains the
same. The risk analysis for each remedial scenario consists of four steps, as follows:

identification of exposure pathways and receptors for evaluation;
exposure quantification;

chemical toxicity assessment; and

risk estimation and characterization.

With the exception of the exposure point concentrations and resuiting risks, the risk
analysis is identical for both remediation scenarios evaluated. in addition to these four
staps, a discussion of comparison of relative risks associated with each scenario will
be presanted, along with a discussion of uncertainties.

3.3.2.2.2.1 Exposure Scenario and Receptors Evaluated

The goal of the axposure assessment is to estimate the type and magnitude of human
exposure to the contaminants present in and migrating from groundwater at the site.
The exposure assessment was conducted to estimate the potential risks to off-site
receptors from exposure to groundwater under each remedial action scenario. For
purposes of relative risk comparison, the most conservative exposure scenarios, i.e.,
thosa presenting the greatest exposura durations and chronic intake, were used. The
exposure pathways and receptors selected for gvaluation are described below.
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Under this risk analysis, it was assumed that a small quantity of surface water could
infiltrate the soil cap, and that contaminated groundwater may potentially migrate from
the site through the slurry wall, As previously described, rates of movement were
assumed to be squivalant to the most conservative (i.e., greatest) permeability cates
for movamant of water through the cap or the slurry wall. Under tha most
consarvative assumption, it was assumaed that off-site axposure to groundwater may
occur at the location which was shown by the groundwater model to have the greatest
constituant concentrations immediately outside the slurry wall in the direction of site
groundwatar migration. This location, at about the midpoint of the north boundary of
the site, was consistent for each aquifer, under each scanario, and was selected as the
exposure point, The axposure point is shown on Figure 3-12.

The most conservative pathway of exposure to groundwater at the exposure point,
i.e., the pathway that would present the highest levels of exposure, is through
residential use of groundwater as potable water. Under such a future residential

scenatrio, residents may potentiafly install a well at the exposure point in either of the

two layers of groundwater. This groundwater could be used in the housshold for
drinking water, and for showering and household cleaning. Thus, exposure to
residents via ingestion of drinking water and dermal contact during showering or
household use were evaluated in the risk analysis. Volatile organic compounds are not
present among the COCs selected for risk analysis. Childhood exposure durations are
many years shorter than those of adults. Thus, inhalation of volatilized constituents
while showering was considered an incomplete exposure pathway and was not
evaluated in this risk analysis. '

Adult residents were considered to have the greatest potential exposures to
groundwater, as they may be exposed over the duration of their lifetime as a
consequence of living at one residence (i.e., in a house receiving w'atar from a waell
installed at the exposure point}). Excass cancer risks are based on lifetime exposure
and increase with increasing exposure duration. Thus, aduits, rather than children,
were seiected as the receptors tor evaluation.

The pathways and receptors selected for this risk analysis are consistent with those
that were evaluated for groundwater exposure in the BRA (Dames & Moors, 1992).
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3.3.2.2.2.2 Exposurs Quantification

As part of this assessmant, the exposure point concentrations, or estimates of the
chemical concantrations that will ba contacted over time, were selacted based on
concentrations developed as part of the groundwater flow modsel described in
Section 3.2. For each scenario, tha maximum concentration of PCP and B(a)P outside
the slurry wall in each aquifer was identified. Concentrations were developed for four
different periods of time from remediation: one day, ons year, ten years and thirty
years. All modeled concentrations for Bla)P were zero for each scenario and aquifer.
For each aquifer and each scenario, the modeled maximum concentrations of PCP are
greatest after one day, and slowly decrease over time. In the parched aquifer,
modeled concentrations of PCP under both remediation scenarios at one day and one
year were 2.0 and 1.9 ugA, respectively, and at ten and thirty ysar tima frames, the
aquifer was dry. The modeled concentrations of PCP in the saprolite aquifer were
15.0, 14.9, 14.2 and 10.4 ugN after one day and one, ten and thirty years,
respectively, under both remediation scenarios. These results indicate that, in each
given time frame, there is no differsnce in maximum groundwater concentrations of
PCP at tha exposure paint under eithar ramediation scenario.

The modeled concentrations at the north boundary at the one year time frame were
selected for use in the risk analysis. Aithough there is very little difference in the
groundwater concantrations over time, the use of concentrations modeled at this time
frame is more conservative than using concentrations at tan and thirty years, yet is
morea realistic than using concentrations at one day after remadiation. The selectad
exposure point concentrations under each remediation scenario for each COC are
presented in Table 3-3, below, tor each aquifer layer. Although modeliing has shown
slight decreases in groundwater concentrations, for purposes of this risk analysis they
are assumed to remain constant throughout the entire exposure period, i.e., no
degradation or attenuation of constituents is assurned to occur.
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TABLE 3-3
Exposurs Point Concentrations

Used In Risk Analysis
Constituent Concentrations {1 year)
Pentachlorophenol | Benzola)lpyrene
{mgA) - (mg/)

Scenario 1 (LTTD) '
Perched Aquifer 0.0018 0.0
Saprolite Aquifer 0.0149 0.0
Scenario 2 (no LTTD)
Perched Aquifer 0.0019 0.0
Upper Aquifer 0.0149 0.0

Pathway-specific intakes were calculated for each COC using EPA recommended
methods (USEPA, 1991a). An intake incorporates the exposure point concentration
and rate of contact with the contaminated groundwater, and expressas exposure in
terms of mass of 8 contaminant to which an individual is exposed per body weight per
unit time (e.g., mg/kg/day). The intake is an estimate of chemical-specific exposure
that will be used to calculate risk for sach contaminant within an exposura pathway.
The parameters used to characterize contact rate and subsequent exposure intake via
ingestion of drinking water and dermal exposure while showering are bﬁsad on
standard EPA default values for a reasonable maximum exposure. These exposure
parameters and resulting exposure intakes for drinking water ingestion and dermal
contact with water are presented in Tables 3-4 and 3-5, respectively, and are
described below.

The pathway-specific intake calculations incorporate upper-bound and mid-range
exposure factors, representing an exposure scenario that is both protective and
reasonable; not the worst possible cass. Both pathways incorporate an exposure
frequency of 350 days/year, which assumes the resident spends two weeks away
from home per year (USEPA, 1991b). An exposure duration of 30 years, which is both
the 90th percentile of time spent at one rasidence (USEPA, 1391b) and the estimated
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TABLE 34

FUTURE RESIDENTIAL EXPOSURE
INGESTION OF GROUNDWATER USED AS POTABLE WATER

INGESTION INTAKES
CxCRxET xEF x ED
Ingestion Intake =
BW x AT
(mg/kg-day)
where:
c = Concentration of Constituents in Groundwater
{mgi)
IR = |ngestion Rate {L/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time {days)

CR 2.0
EF 350
ED ao
BW 70
AT (Carcinogens) 25,550

PATHWAY-SPECIFIC INTAKE! = C (mghA) x 1.17x10°2 L/kg-day

1Chemical—specific intakes for each remediation scenario and each aquifer are
presented in the risk calculation sheet for groundwater ingestion in Tables 3-E.

AR30LO70
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TABLE 3-5

FUTURE RESIDENTIAL EXPOSURE
DERMAL EXPOSURE TO GROUNDWATER

DERMAL UPTAKES
Dermal Uptake =
{mg/kg-day} BW x AT
where:

c = Concentration of Constituents in Groundwater {mg/L}

SA = Surface Area of Exposed Skin (cm?)

PC = Permeability Constant {cm/hour)

ET = Exposure Time {(hours/day}

EF = Exposure Frequency (days/year)

ED = Exposure Duration {years)

CF = Conversion Factor {Licm?d)

BW = Body Weight (kg)

AT = Averaging Time |days)

SA 21,500
PC Chemical-Specific
ET 0.26
EF 350
€D 30
CF 0.001
BW 70

AT (Carcinogens) 25,550

PATHWAY-SPECIFIC UPTAKE? = C(mg/L} x PClcm/Mour] x 3.16x10'2 L-hrficm-
kg-day)

ZChemical-'specific intakes for each remediation scenario and each aquifer are
presented in the risk calculation sheets for dermal contact in Table 3-F.
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lifetime of the slurry wall, is assumed. An EPA standard default adult body weight of
70 kg is used (USEPA, 1931b). The averaging time tarm represents the time period
over which the exposure is estimated. For carcinogens, intakes are calculated by
prorating the total cumulative dose over an entire lifetime. The EPA default value for
an average lifetime is 70 years (USEPA, 1991b).

Pathway-specific assumptions are described as follows. For groundwater ingestion,
a daily ingestion rate of 2 liters/day, which is the 30th percentile {upper-bound) value
for drinking water ingestion (USEPA, 1991b), was use in the intake caiculations. For
dermal contact, the intake calculation incorporates the surface area (SA) of exposed
skin and an exposure time (ET). The SA of 21,500 cm? represents the upper-bound
total adult body surface area which is exposed to water while showering (USEPA,
1992a), and the ET of 0.25 hours reprasents an upper-bound estimate of time spent
in the shower each day (USEPA, 1992a). Chemical-specific dermal permeability
constants usad in the aquation for dermal uptake (K, or PCs) are obtained from the
EPA’s dermal exposure assessment guidance, Dermal Exposure Assessment: Principles
and Applications (USEPA, 1992a),

3.3.2.2.2.3 Toxicity Assessment

The purpose of the toxicity assessmant is to compile and evaluate noncarcinogenic and
carcinogenic toxicity data for the chemicals of concern. The aséessment provides an
estimate of tha relationship between the extent of potential contaminant exposure and
the increased likelihood and/or severity of advarse effects {i.e., the dose-response
relationship). As previously described, the reduction of cancer risks associatad with
PCP and PAH.s was the primary consideration in the selection of LTTD as a remedy.
Since noncarcinogenic health effects were not considered in the selection process,
they ware not evaluated in the VE Risk Analysis. Thus, only carcinogenic toxicity data
were included in the Toxicity Assessment.

Summaries of the qualitative human health toxicity information for PCP and B(a)P are
presented in Appendix C-B of the BRA conducted for the site (Dames & Moore, 1992)
and will not be rapeated hers. The quantitative human health toxicity criteria which
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were used in the BRA have been updated. Dames & Moore gathered toxicity criteria
for PCP and B{a)P available as of October 1994 (USEPA, 1994). The cancer slope
factors (CSFs) for acéeptable intakes for chronic exposures are quantitative vatues of
toxicity used to estimate potential human carcinogenic risks. CSFs for oral exposure
are used to estimate risks via both ingestion and dermal contact. The available oral
CSFs are 1.21x10°" (mg/kg-day)! for PCP and 7.3 (mg/kg-day)™! for B(a)P. These
values were used to calculate excess cancer risks associated with exposure to these
constituents (USEPA, 1994).

3.3.2.2.2.4 Risk Characterization

The risk characterization was conducted using standard EPA methods, which were
described in detail in the BRA conducted for the site (Dames & Moore, 1992). The
calculations of excess cancer risks and results for each exposure pathway are
presented in Tables 3-6 and 3-7. Since the modeled B(a)P concentrations for both
ramediation scenarios ware zero in each aquifer at all points outside the slurry wall,
there was no axcess cancer risk associated with this constituent. The calculated risks
are attributed entirely to exposure to PCP. For the ingestion pathways, the axcess
cancer risks calculated for PCP in the perched aquifer were 2.7x10°% in both Scenarios
1 and 2. The risks from ingestion of PCP in groundwater from the saprolite layer were
2.1x10% in both Scenarios 1 and 2. For dermal expasure, PCP in the perched aquifer
was associated with an excess cancer risk of 4.7x10°% in both remediation scenarios.
Likewise, dermal contact with PCP in saprolite groundwater was associated with a risk
of 3.7x10°® for both scenarios.

The risks from each pathway are combined to give a total excess cancer risk from

groundwater exposure for the adult raceptor. A summary of the total risks for each
scenario, by aquifer, are presented in Table 3-8.

I | -40- AR304LO73



TABLE 3-8

EXCESS CANCER RISKS
RESIDENTIAL INGESTION OF GROUNDWATER
Exposur |Carcinoge Cancer Excess
Point  |Intake Chronic  [Slope Cancer
Conc. |Factor Intake Factor Risk
Parameter (mg/t) |{L/kg-day) j{mg/kg-da | (kg-day/m | {unitless)
SCENARIO 1 (LTTD)
UPPER LAYER AQUIFE
Benzo(a)pyrene 0| 1.17E-02 |0.00E+00 | 7.30E+00 0.00E+00r
Pentachiorophenol 0.0019 | 1.17E-02 | 2.23E-05 § 1.21E-01 | 2.70E-06
TOTALS: { 2.7E-08
SAPROLITE AQUIFER
Benzo(a)pyrene 0| 1.17E-02 | 0.00E+00 | 7.30E+00 0.00E+00N
Pentachiorophenol 0.0149 ) 1.17E-02 | 1.7SE-04 | 1.21E-01 | 2.12E-05
TOTALS: | 2.1E-05
SCENARIO 2 (SOILS LEFT IN PLACE)
UPPER LAYER AQUIFE
Benzo(a)pyrene 0] 1.17E-02 {0.00E+00 | 7.30E+00 0.00E+00[
Pentachlorophenol 0.0019 | 1.17E-02 | 2.23E-05 | 1.21E-01 | 2.70E-06
TOTALS: | 2.7E-06
SAPROLITE_AQUIFER
Benzo(a)pyrens 0| 1.17€-02 {0.00E+00 |7.30E+00 0.00E,+OON
Pentachlorophenol 0.0149 { 1.17E-02 | 1.75E-04 | 1.21E-01 | 2.12E-05
TOTALS: | 2.1E-05
0459 PM
C:\VAWOOD\TAB3-6. WQ1 (CLW) 06-Nov-94 AR30 LOT74



TABLE 3-7

EXCESS CANCER RISKS

RESIDENTIAL DERMAL EXPOSURE TO GROUNDWATER WHILE SHOWERING

C\VAWQOD\TAB3-7. WQ1 (CLW\ 06-Nav-Qa

Exposur [Chemical-| Carcinoge Cancer Excess
Poimt |Specific |intake Chronic  |Slope Cancer
Conc. |PC Factor Intake Factor Risk
Parameter (ma/l) I(cm/hn) [({L/kg-day) [(mg/kg-da | (kg-day/m | (unitless)
[SCENARIO 1 (LTTD) < = ~
BERCHED AQUIFER
Benzo(a)pyrene 0 1.2 | 3.16E-02 | 0.00E+00 | 7.30E+00 0.00E+OOJ
Pentachlorophenoi 0.0019 0.65 | 3.165-02 | 3.90E-05 | 1.21E-01 | 4.72E-06
TOTALS: | 4.7E-06
SAPROLITE AQUIFER
Benzo(a)pyrene 0 1.2 | 3.16E-02 [0.00E+00 {7.30E+00 0.00E+OOJ
Pentachlorophenol 0.0149 0.65 | 3.16E-02 | 3.06E-04 | 1.21E-01 | 3.70E-05
TOTALS: | 3.7E-05
SCENARIO 2 (SOILS LEFT IN PLACE)
UPPER LAYER AQUIFE |
Benzo{a)pyrene 0 1.2 | 3.16E-02 | 0.00E+00 |7.30E+00 0.00E+00r
Pentachlorophenol 0.0019 0.65{ 3.16E-02 | 3.90E-05 | 1.21E-01 | 4.72E-06
TOTALS: | 4.7E-06
SAPROLITE AQUIFER
Benzo(a)pyrene 0 1.2 3.16E-02 | 0.00E+0C | 7.30E+00 10.00E+00|
Pentachloropheno! 0.0148 0.65 | 3.16E-02 | 3.06E-04 | 1.21E-01 | 3.70E-05
TOTALS: | 3.7E-05
04.59 PM
AR30LO75S



TABLE 3-8
SUMMARY OF EXCESS CANCER RISK BY SCENARIO AND AQUIFER

Excess Cancer Risk (unitlass)

Perched Aquifer Saprolite Aquifer
Exposure Pathway Scenario 1 | Scenario 2 | Scenario 1 | Scenario 2
Groundwater ingestion 2.7x10° 2.7x10°® 2.1x10% 2.1x10°8
Dermal Contact 4.7x10°% 1 4.7x10°% | 3.7x10% | 3.7x10%
Total Receptor Risk: 7.4x10% | 7.4x10® | 5.8x10% | 5.8x10%

As shown in Table 3-G, the total excess cancer risk from exposure to PCP in perchad
groundwater under Scenario 1 is 7.4x10°%. This is equivalent to the total excess
cancer risk from sxposure to perched groundwater under Scenario 2. The total excess
cancar risk from exposure to saprolite groundwater is §5.8x1 0% under both Scenarios 1
and 2. Therefore, using PCP and B{a)P as surrogate chemicals, the inclusion

of LTTD in the remadial action has no effect on the potential cancer risk posed by
exposure to groundwater leaving the containment area.

3.3.2.2.2.5 Perspective

The human health risks from sxposure to PCP in perched and saprolite groundwater
provide a reference point for comparing the benefits of remedial alternatives. They do
not reprasent actual risks, as the groundwater migrating from the site is not used as
potable watar. Although the perchad and saprolite groundwater units both have the
characteristics of a Class I-A aqguifer, future domestic use of the groundwater from
these units is not likely to occur, since a public water source is available.

3.3.2.2.2.8 Summary of Comparative Analysis of Alternatives

The designated remedial action of removal of the soil from contaminated areas and
treatment with LTTD (i.e.. Scenario 1) was selected in the ROD {Dames & Moore,
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1992) because it satisfied the nine evaluation criteria set forth in the NCP at 40 CFR
300.430(e}(9). These nine criteria are categorized below in three groups: threshold
criteria, primary balancing criteria, and modifying criteria. Each criterion is defined in
the RQD for the site (Dames & Moore, 1992),

1. Overall protection of human health and the environment
2. Compliance with applicable or relevant and appropriate requirements

(ARARS)
3. Long-term aeffectiveness and permanence
4. Reduction of toxicity, mobility, or volume through treatment
5. Short-term effectiveness
6. implementability
7. Cost
MODIFYING CRITERIA

8. State acceptance
9. Community acceptance

A comparative analysis of excess cancer risks associated with an alternative
remediation strategy (Scenario 2) demonstrates that, with respect to evaluation criteria
1-6, the inclusion of LTTD in the remedial action results in no additional benefit.
However, the ciesignatad use of LTTD will increase the cost of the remedia!l action
considerably. In the following discussion, the criteria pertaining to human health
protection and toxicity reduction (i.e., Critaria 1 through 5) and implementability and
cost {Criteria 6 and 7) are presented, along with a comparison of the benefits of the
remediation scenarios with respect to each criterion.

Criterion 1. Overall Protection of Human Health and the Environment

A primary requirement of CERCLA is that the selected remaedial action be protective of
human health and the environment. A remedy is considered protectivae if it reduces
current and potential risks to acceptable levels within the established risk range posad
by each exposure pathway at the site. The overa!l risks from groundwater exposure
under each scenario are equivalent. Thus, compared with leaving the soil in place
without treatment, no further reductions in groundwater concentrations and associated
cancer risks from groundwater exposure will be achieved with LTTD treatment of the
soil. Therefore, Scenario 2 is equally protective of human health.
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Criterion 2. Compllance with ARARs

This criterion addresses whether a remedy will meet all of the ARARs or other
snvironmental statutes and/or provide grounds for invoking a waiver under the NCP
(40CFR 300.430(f)(1)(iiHC)). The ROD for the site states that aiternatives must meet
all of the respective ARARs of federal and Virginia law. Since the exposure point
concentrations in groundwater migrating through the siurry wall are identical for both
the designated remedial action and the proposed alternative, no additional benefit in
tarms of compliance with ARARs for groundwater would be achieved from LTTD
treatment of the soil. Howaever, it has becoma clear from analysis that proceeding
with LTTD with a non-combustive APC system poses Serious questions regarding
compliance with ARARS as a resuit of the generation of fugitive dust during excavation
and potential problems mesting RCRA Subpart Q raquirements for air amissions.

Critarion 3. Long-Term Effectiveness and Permanence

This evaluation criterion addresses the long-tarm protection of human health and the
environment once remedial action cleanup goals have been achieved, and focuses on
residual risks that will remain after completion of the remedial action. The risk
characterization was conducted using modeled groundwater exposure concentrations
during the first year following remediation. in both aguifers, the groundwater
concentrations for Scenario 1 are equivalent to those modeled undar Scenario 2. As
previously described, this is also true for the modsled concentrations 10 and 30 years
after remediation implementation. Equivalent concentrations will also result in
equivalent cancer risks associated with groundwater exposure. Thus, the long-term
effectiveness of remediation in terms of reduction of cancer risks frorn groundwater
exposure is equivalent under both Scenarios 1 and 2, and thsere is no increased
effectiveness achieved from LTTD treatment of soil. This conclusion is consistent with
the ROD for the sita, which states that sach of the remediation alternatives provides
long-term effectivenass and permanencs.

Criterion 4. Reduction of Toxicity, Mobility, or Volume through Treatment

This svaluation criterion addresses the degree to which a technology or remedial
alternative reduces the toxicity, mobility, or volume of a hazardous substance. The
Feasibility Study conducted during the site RI/FS and the development of the ROD
(Dames & Moors, 1992; USEPA, 1993) have demonstrated that reduction of the
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toxicity and volumae of organic constituents in groundwater on-site (and hence, off-sita)
will be achieved through the implementation of a passive groundwater collection and
treatment system that is common to both remediation scenarios. The results of the
groundwater modeling and risk analysis for each remediation scenario further
demonstrate reductions in the toxicity, mobility and volume of chemicals in
groundwater leaving the contsinment srea. However, the identical results of these
analyses demonstrate that the use of LTTD in the remadial'actio'n will not result in any
additional redu‘:;tion of toxicity, mobility and volume of constituents in groundwater
moving from the site. Also, itis clear that LTTD is not actually a destructive treatment
technology, yet is merely a volume reducing technology which relies on off-site
incineration for ultimate treatment.

Criterion 5. Short-Term Effectiveness

This evaluation criterion addresses the period of time needed to achieve protection of
human health and the environment, and any adverse impacts that may be posed during
the construction and implementation period of a remedy, until cleanup goals are
achieved. Installation of the cap, slurry wall and groundwater recovery system
(Scenario 2) would take approximately twelive to eightean months to implement.
Implementation of the LTTD action (Scenario 1) would take approximately twelve to
eighteaen months in addition to the time needed for Scenario 2. The estimated time for
completion of each remedial action does not include the time for long-term
groundwater monitoring, which will be required for each alternative. The amount of
soil excavation required and thus, the amounts of dust production, noisa disturbance,
and truck traffic, would also be significantly increasad under Scenario 1. The identical
results of the comparative risk analysis for each scenario demonstrate that there is no
added benefit associated with the increased soil disturbance and additional
four months of implementation time connacted with the LTTD remedial action.

Criterion 6. implementability

This svaluation criterion addresses the technical and administrative feasibility of each
remedy, including the availability of materials and services needed to implement the
chosen remedy. The ROD demonstrates that both remedia! scenarios meet this
criterion, although the LTTD action requires a considerable amount of effort beyond
that required for Scenario 2. Scenario 2 is thus the more implementable alternative.

AR304079

HAWRAYA-WOODAVALUE.ENG '44'



The identical results of the risk analysis for each scenario, however, do not
demonstrate any added banafit in terms of the praceding critaria to warrant the
implementation of LTTD treatment at the site.

Critedon 7. Cost

Section 121 of CERCLA, 42USC Section 9621, requires selection of a cost-effective
remedy that protacts human health and the environment and meets the other
requiremeants of the statute. A remedy is considered cost-effactive if it mitigates the
risks posed by thes site contamination within a reasonable period of time.
Cost-effectivenass is evaluated by first determining whether the remedy satisfies the
thrashold criteria of protection of human health and the environmant and compliance
with ARARs (Criteria t and 2). As previously described, both remediation scenarios
meat thesa critaria equally. Tha affectivenass of the altarnative is than datermined by
evaluating the following three of the five balancing criteria: long-term effectiveness
and permanence (Criterion 3), reduction of toxicity, mobility, or volume through
treatment (Criterion 4), and short-term effectiveness (Criterion 5). As praviously
demonstrated, each scenario is associated with equal health risks and is squally
effective under Criteria 3 and 4. Scenario 2 {no LTTD action} will take less time to
implement and involve less soil disturbance, and is thus more effective under
Criterion 5,

The remedial scenarios ars comparad with respect to present worth cost, which
includes all capital costs and the operation and maintenance cost incurred over the life
of the projact. Capital costs include those expenditures necessary to implement a
remaedial action, including construction costs. Scenario 2 has the lowest present worth
cost, estimated at approximatsly $9,000,000. The sstimated present worth cost of
Scenario 1 is approximately $16,000,000. Based on the preceding svaluation criteria
and comparisons of risk and benefits, no improvement in the excess cancer risk
associated with off-site groundwater exposure will be achieved through the
implementation of LTTD, and thus, there is no substantial basis to support the added
expense of $7,000,000 to implement this remedy.

AR30LOBO
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3.3.2.2.2.7 Conclusions

The results of the modeling and risk analysis for groundwater migrating off-site under
the designated remedia! action (Scenario 1) and the proposed remedial alternative
{Scenario 2) are identical for each aquifer. These results were presanted for evaluation
under saven of nine NCP criteria for selection of remedia! alternatives, which were
used to select Scenario 1 as the designated action in the ROD. The excess cancer
risks associated with exposure to PCP in groundwater under each scenario, aven when
using the most conservative criteria, are identicsl; thus, both scenarios meet the two
threshold criteria {protection of human heaith and the environment and compliance
with ARARS) and the first two primary balancing criteria (long-term effectiveness and
permanence, and reduction of toxicity, mobility, or voluma through treatment) aqually.
Evaluation under the last three primary balancing criteria (short-term effectiveness,
implementability, and cost) demonstrates that Scenario 2 is preferred. This remedial
action scenario would take less time to implement, would be associated with less soil
disturbance and site impact {e.g., noise disturbance, truck traffic and dust migration),
is more implementable, and costs significantly less than the designated remedial
action. Based on the analysis of the surrogate chemicals, the implementation of LTTD
will not result in a reduction of excess cancer risk from exposure to groundwater
migrating off-site. Thus, there is no demonstrated advantage to the increased amount
of tima, money, and effort that would be required to implement the LTTD remaediat
action.

3.3.2.3 Air Pollution Control System Analysls

The ROD spacifies that the LTTD system must meet ARARs associated with the site
regarding air pollution control. The most important of these regulations are RCRA
Subpart O, which essentially requires thermal treatment systems to achieve & 99.99%
Deastruction Removal Efficiency (DRE) for Principal Organic Hazardous Constituents
(POHCs) and the Best Available Control Technology (BACT) regulations promulgated
by the Commonwealth of Virginia.
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Based on treatability analysis from the RD Work Plan, it is clear that achieving a
99.99% DRE in a thermal desorber for the constituents of concern is questionable at
best. Trying to meet this requirement, or any other discharge requirement will
necessitate the nead for an air pollution control system (non-combustive) that will by
its nature generate numerous wasta streams including:

pure product organics;

contaminated wastewater;

carbon from water treatment;

carbon from air stream treatment; and
air stream.

Complicating issues and greatly increasing the cost of this process is the ultimate
disposal of these waste streams. All of these waste streams except the air stream will
contain regulatory-significant concentrations of dioxin, which result in extremaly high
disposal costs (assuming that these materials can be disposed of at all).

An alternative to the non-combustive air pollution system is the use of an oxidative
combustion unit for air poliution control. Using this system would allow for the
alimination of all wasts streams, thus greatly reducing the cost of LTTD. The
Commonwealth of Virginia has expressed that oxidative combustion is the BACT for
thermal treatment systems. This would indicate that this is the preferred technology
by the state for this solution.

It is recommended that based on regulatory compliance concerns and cost

considerations that oxidative combustion be given serious consideration as the APC
of choice for this RA.
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4.0 VALUE ENGINEERING CONCLUSIONS/RECOMMENDATIONS
4.1 GROUNDWATER EXTRACTION

Consideration should be given to the usa of a interceptor trench system for perched
aquifer groundwater extraction while utilizing the caissons for saprolitic groundwater
extraction.

4.2 WATER TREATMENT

The regulatory situations regarding water discharge standards and the effect of dioxin
in this discharge should be evaluated. UV/Oxidation should be considered as a
replacement for carbon adsorption for organics treatment. Cost/Benefit analysis should
be performed and regulatory issues resolved regarding on-site disposal of treatment of
spent carbon and process sludge.

4.3 SOIL TREATMENT

A sarious reavaluation of the necessity of LTTD on this site basad on regulatory, risk
and cost elements should be considered. This is most certainly a good candidate for
full VE analysis. If LTTD remains the remedy for the site, a study of combustive
versus non-combustive APC systems regarding cost and technical applicability should
be conducted.
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